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(54) ELECTROPHORESIS DISPLAY DEVICE 

(57)Abstract: 

PURPOSE: To obtain high display quality and prevent 
picture quality from deteriorating regardless of repetitive 
use by setting the surface resistance of a surface where an 
electrostatic image is formed, between surfaces of the back 
insulating substrate of an electrophoresis display panel, to a 
specific value. 

CONSTITUTION: The back insulating substrate 101 is 
constituted by laminating and fixing a polyethylene 
terephthalate film 102 and a polyethylene terephthalate film 
103 which is made conductive and adhered and fixed to a 
transparent substrate 105 such as a glass plate across 
spacers 104 so that the film 103 is on the side of the 
surface where the electrostatic image is formed, thereby 
forming a sealed space. A transparent electrode 106 is 
made of ITO, etc., and electrophoresis display liquid 107, 
obtained by suspending paraffin hydrocarbon as a 
dispersant, titanium dioxide as white particulates, blue dye, 
a stabilizer, etc., is charged in the sealed space to 
constitute the electrophoresis display panel. The surface 

resistance of the film 103 where the electrostatic image is formed with corona ions is 5x109-5x 
1012. An image with a 5.5 contrast is obtained by this device, there is no image blur generated, and 
even when the device is used repeatedly, the image has neither display irregularity nor erasure 
defect. 
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SPECIFICATION 



1. Title of the Invention 



Electrophoretic Display Device 



2. Claims 

1. An electrophoretic display device comprising an electrophoretic display panel in which 
an electrophoretic display solution is contained in a sealed space formed by a reverse-side 
insulating substrate and a transparent substrate with a transparent electrode that are disposed 
facing each at a prescribed interval other across a spacer; and means for selectively charging the 
surface of the reverse-side insulating substrate with corona ions and forming an electrostatic 
image, wherein the electrophoretic display device is characterized in that the surface resistance 
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on the surface of the reverse-side insulating substrate in which the electrostatic image is formed 
is5x lO^QtoSx lO^^Q. 

3. Detailed Description of the Invention 
(Field of Industrial Utilization) 

The present invention relates to an electrophoretic display device. 
(Prior Art) 

An electrophoretic display device comprises a sealed electrophoretic display panel filled 
with an electrophoretic display solution for varying the display state through the application of 
voltage, and means for applying an electric field to the electrophoretic display panel. Numerous 
types of these devices have already been proposed. 

An electrophoretic display solution comprises an organic solvent or other dispersion 
medium, titanium oxide or another type of electrophoretic microparticles (referred to 
hereinbelow as "microparticles"), and dyes for the dispersion medium designed to create a color 
contrast with the microparticles, as well as dispersion stabilizers, charge-imparting agents, and 
other stabilizers. The electrophoretic display panel is configured such that a reverse-side 
insulating substrate and a transparent substrate with a transparent electrode are placed facing 
each at a prescribed interval other across a spacer to form a sealed space, and the sealed space is 
filled with the electrophoretic display solution. Applying an electric field to the electrophoretic 
display solution will cause the microparticles in the electrophoretic display solution to migrate 
toward the transparent substrate, and the color of the microparticles to appear on the screen. 
Application of an electric field in the opposite direction will cause the microparticles to migrate 
toward the reverse-side insulating substrate, and the color of the colored dispersion medium to 
appear on the screen. The electrophoretic display device thus allows the desired display to be 
obtained by controlling the direction of the electric field, to reduce power consumption due to the 
special properties of the display, and to obtain highly contrast displays. 

The device with corona ion charging disclosed in JP (Kokai) 62-34187, which was 
proposed as a means for applying an electric field to an electrophoretic display panel, is free 



JP 4 -113386 A 



Page 2 



from the problem whereby crosstalk occurs between display and non-display areas, thereby 
making it possible to create wide-surface, high-capacity displays and laying the groundwork for 
designing large electronic displays. 

Fig. 2 depicts the structure of such an electrophoretic display device. In the 
electrophoretic display panel 6, a reverse-side insulating substrate 6a and a transparent substrate 
(screen) 6d with a transparent electrode 6c are placed facing each other at a prescribed interval 
across a spacer 6b to form a sealed space, and the sealed space is filled with an electrophoretic 
display solution 7. An electrostatic image based on the charge carried by corona ions is used to 
apply an electric field to the electrophoretic display panel. The operation of the device is 
described with reference to Fig. 3. A positive or negative voltage is applied to a gold-plated 
tungsten wire (corona wire) 1 to generate corona ions. "2** is a discharge frame. The flow of the 
ions is controlled with a control circuit substrate 3. The control circuit substrate 3 is configured 
such that a top control electrode 3a and a bottom control electrode 3b are disposed at a specific 
interval, and corona ions can pass via the through-hole formed in the center. If a control power 
source 8 is applied such that the top control electrode 3a is positive and the bottom control 
electrode 3b is negative, the electric field has the forward direction, the corona ions can flow, 
and an electrostatic image 4 is formed on the reverse-side insulating substrate 6a, as shown in 
Fig. 3(a). By contrast, the corona ions cannot flow if the control power source 8 is applied with a 
reverse polarity, as shown in Fig. 3(b). "9" is a bias power source. The electrostatic image 4 that 
has passed through the control circuit substrate and created a charge on the reverse-side 
insulating substrate 6a of the electrophoretic display panel is erased with corona ions of reverse 
polarity. Specifically, negative corona ions are caused to flow via the through-hole of the control 
circuit, these ions reach the electrostatic image 4 (positive corona ions), and the electrostatic 
image 4 is erased by a process in which a voltage that is the reverse of that in Fig. 3(a) is applied 
to the corona wire 1 in Fig. 3(a), negative corona ions are generated, and a voltage that is the 
reverse of that in Fig. 3(a) is apjplied to the bias power source 9. 

Fig. 4 is a perspective view of an electrophoretic display device, which will be used to 
describe the drive technique. 10 is a an ion flow control unit composed of a corona wire 1, 
discharge frame 2, and control circuit substrate 3. Multiple through-holes 5', 5", ... are formed at 
a constant pitch (for example, 1 mm) in the control circuit substrate 3, the top and bottom control 
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electrodes described with reference to Fig. 3 are formed in pairs around the through-holes such 
that adjacent electrodes (not shown) are separated from each other, and multiple pairs of 
electrode groups constitute a control electrode sequence. The ion flow control unit 10 can move 
(scan) up and down at a constant pitch (for example, 1 mm). In Fig. 4, the direction (horizontal 
direction) of the control electrode sequence constitutes a row, and the control electrode sequence 
in the perpendicular direction resulting from the vertical movement of the ion flow control 
unit 10 constitutes a column, and a point of intersection between the row and column constitutes 
a pixel. The drive is performed by moving (scanning) the ion flow control unit 10 at a constant 
pitch, selectively charging the pixels at the points of intersection between such rows and columns 
with corona ions, and forming an electrostatic image 4. 

In Fig. 4, *'l r* is a microparticle, and "12'* is a ray of light. Fig. 4 shows an arrangement 
in which the ion flow control unit 10 is disposed horizontally and is scanned vertically, but it is 
also possible to adopt an arrangement in which the ion flow control unit is disposed vertically 
and is scarmed from left to right. 

(Problems to Be Solved by the Invention) 

Such an electrophoretic display device requires a certain minimum surface resistance 
because a surface image becomes blurry, hazy, or otherwise degraded in terms of image quality 
as a result an abrupt movement of electric charges along an in-plane direction of the surface in 
which an electrostatic image is formed on the reverse-side insulating substrate. The electrostatic 
image formed in this case is allowed to linger, the surface potential is preserved, and the history 
of previous images stays on during repeated use. Display irregularities, erasure defects, and 
other problems are encountered if the image is erased, refreshed, or otherwise manipulated in a 
state in which the surface potential remains nonuniform in this manner. 

An object of the present invention is to provide an electrophoretic display device that has 
high display quality and is free from image degradation even during repeated use. 
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(Means Used to Solve the Above-Mentioned Problems) 

To prevent the history of previous images from staying on when the images are 
repeatedly displayed, it is necessary to allow the potential that results from charging the surface 
of the insulating substrate surface to have sufficient time to decay with every new image display, 
and to display the next image from a uniform state. But the decay must be performed smoothly 
because an abrupt decay will cause an image to become blurry or the like, as described above. 

The present invention was perfected upon the discovery that adjusting the surface 
resistance of the insulating substrate to an optimum level is effective for causing the potential on 
the surface of the insulating substrate to decay without the accompanying degradation in image 
quality. 

The present invention is characterized in that the surface resistance on the surface of the 
reverse-side insulating substrate in which an electrostatic image is formed is brought to 
5xlO^Qto5xlO^^Q. 

Blurring will occur if the surface resistance on the surface of the reverse-side insulating 
substrate in which an electrostatic image is formed is less than 5 x 10^ Q, and the potential decay 
will be slow if the resistance exceeds 5 x 10^^ Q, causing erasure defects and display 
irregularities to appear during the second and subsequent cycles. 

Fig. 1 depicts an electrophoretic display panel obtained using an insulating substrate 
whose surface resistance has been adjusted in accordance with the present invention. The 
reverse-side insulating substrate 101 is formed by laminating and fixing a polyethylene 
terephthalate film (thickness: 100 |am) 102 and a polyethylene terephthalate film (Lumirror 
50X53, registered trade name, manufactured by Toray, thickness: 100 jam) 103 that has been 
rendered electrically conductive; the components are bonded and fixed to a glass plate 
(thickness: 3 mm) or other transparent substrate 105 via a , spacer 104 with a thickness of 0.1 mm 
such that the polyethylene terephthalate film 103 that has been rendered electrically conductive 
forms a surface on which electrostatic images can be formed with corona ions; and a sealed 
space is formed. "106" is TTO (indium tin oxide) or another transparent electrode. The sealed 
space is filled with a electrophoretic display solution 107 obtained by suspending a paraffm- 
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based hydrocarbon (Isopar G, registered trade name, manufactured by Exxon Chemical) as the 
dispersion medium, titanium dioxide (R3L-SN, registered trade name, manufactured by Sakai 
Chemical) as white microparticles, a blue dye (Macrolex Blue RR, registered trade name, 
manufactured by Bayer), a stabilizer, and the like; and an electrophoretic display panel is thus 
obtained. The surface (polyethylene terephthalate film (Lumirror 50X53, registered trade 
name) 103 that has been rendered electrically conductive) of the insulating substrate 101 in 
which an electrostatic image is formed by means of corona ions has a surface resistance of 
10^^ Q. The display and the decay waveform of the potential on the insulating substrate surface 
in the electrophoretic display device were measured, and it was found that an image with a 
contrast of 5.5 had been obtained and that the image did not undergo any blurring or the like. 
The potential was about 1200 V immediately after the write operation, decayed as a waveform 
with a time constant of about 40 sec, and did not cause any image display blurring, erasure 
defects, or the like when one image was erased and the subsequent image was written at a 
uniform potential during repeated use. 

Contrast is defined as the ratio of the brightness observed when the color of 
microparticles appears on the screen in relation to the brightness observed when the color of the 
colored dispersion medium appears on the screen. 

When a polyethylene terephthalate film (surface resistance: 10^^ Q) alone was used as the 
insulating substrate, an adequate image was obtained in the initial image display, but the 
potential on the surface of the insulating substrate decayed only minimally, the previous image 
could not be erased satisfactorily, the display results were nommiform, and the display quality 
was markedly degraded in the second and subsequent cycles. 

(Embodiments, Comparative Examples) 

In the electrophoretic display panel shown in Fig. 1, a polyethylene terephthalate film 
alone was used as the reverse-side insulating substrate, the substrate surface was treated with an 
antistatic agent (190S, registered trade name, manufactured by Soken), the surface resistance was 
brought to 10^ Q, 10^^ Q, 10^^ Q, or, 10^"* Q, and electrophoretic display devices were obtained. 
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In the devices with 10^^ Q and 10^^ Q, the time constants for the potential decay were 
about 27 sec and about 45 sec, respectively, the images were not blurred, and a display with a 
contrast of 5 was obtained. Repeated use did not produce any remaining history of the preceding 
images, and an adequate image display could be sustained. 

In the device with 10^ Q, the time constant for the potential decay was about 6 sec, the 
image was blurred, and the entire screen became hazy because the electric charge was moving 
abruptly along an in-plane direction on the insulating substrate. 

In the device with 10^"^ Q, the time constant for the potential decay was about 120 sec and 
the initial image display was adequate, but erasure defects, display nonuniformities, and the like 
occurred during the second and subsequent cycles. 

(Effect of the Invention) 

Setting the surface resistance of that portion of the surface of the reverse-side insulating 
substrate for an electrophoretic display panel on which an electrostatic image is formed to 
5 X 10^ Q to 5 X 10^^ Q makes it possible to cause the surface potential to decay without the 
accompanying degradation in image quality, and to maintain the desired display quality during 
repeated use. 

This, the present invention can provide an electrophoretic display device that has high 
display quality and is free from any image quality degradation during repeated use. 

4. Brief Description of the Drawings 

Fig. 1 is a cross section of the electrophoretic display panel of the present invention; 
Fig. 2 is a cross section depicting the structure of the electrophoretic display device; Fig. 3 is a 
circuit diagram illustrating the shape of an electrostatic image; and Fig. 4 is a perspective view of 
the electrophoretic display device. 

101 : reverse-side insulating substrate 
102: polyethylene terephthalate film 

103: polyethylene terephthalate film that has been rendered electrically conductive. 
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104: spacer 

105: transparent substrate 

1 06 : transparent electrode 

1 07 : electrophoretic display solution 




Fig. 2 
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Fig. 4 

Agent: Akira Hirose, Patent Attorney 
(Continued from front page) 
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